(PM 2.5 1 53.0 g/m 3 ) and postnatal ETS as well as the protective effect of maternal fish intake were adjusted for potential confounders in a multivariable logistic regression model. Results: While the separate effects of higher prenatal PM 2.5 and postnatal ETS exposure were not statistically significant, their joint effect appeared to have a significant influence on the occurrence of infantile eczema [odds ratio 2.39, 95% confidence interval (CI) 1.10-5.18]. With maternal fish intake of more than 205 g/week, the risk of eczema decreased by 43% (odds ratio 0.57, 95% CI 0.35-0.93). The incidence rate ratio (IRR) for eczema symptoms, estimated from the Poisson regression model, was increased with both higher exposure to prenatal PM 2.5 and postnatal ETS (IRR 1.55, 95% CI 0.99-2.44) and in children of atopic mothers (IRR 1.35, 95% CI 1.04-1.75) but was lower in girls (IRR 0.78, 95% CI 0.61-1.00). The observed preventive effect of fish consumption on the frequency of eczema symptoms was consistent with the results of the logistic analysis (IRR 0.72, 95% CI 0.52-0.99). Conclusions: The findings indicate that higher prenatal exposure to fine particulate matter combined with postnatal exposure to ETS may increase the risk of infant eczema, while maternal fish intake during pregnancy may reduce the risk of infantile eczema.
Introduction
While about one third of eczema cases in children manifest during the first year of life and another third during the second year, the remaining one third first appear during later childhood [1] [2] [3] [4] . Children with atopic eczema are more likely than those with nonatopic eczema to have their eczema persist into adulthood and are more likely to develop other atopic disorders, primarily asthma. In fact, atopic eczema is often the first manifestation of atopic disease in infancy and is generally considered to be the initial cutaneous manifestation of a systematic disorder that leads to other atopic diseases, including food allergy, asthma and allergic rhinitis, the so-called 'atopic march' [5] [6] [7] [8] [9] .
The clinical presentation of eczema represents complex interactions between genetic predisposition, the environment, defective skin barrier function and the immunologic response. Although genetic predisposition and allergic sensitization of infants to environmental factors are thought to affect the onset and severity of eczema, a reported rise in the prevalence of eczema over the last several decades suggests an increasing role for the environment in the pathogenesis of infantile eczema. Factors potentially contributing to the rising trend are linked with an increase in traffic-related outdoor pollution, higher allergen exposure, modern housing or an increase in the variety of foods consumed [10] [11] [12] [13] [14] [15] [16] [17] . Certain maternal characteristics and a number of perinatal conditions have been found to be important for the development of eczema. While such factors as older maternal age at time of first birth, maternal atopy and active maternal smoking have been identified as possible risk factors for eczema development [18] [19] [20] , others like breastfeeding appear to protect against it [21] [22] [23] [24] [25] [26] . Interestingly, recent studies have shown that maternal fish consumption during pregnancy may modulate the occurrence of eczema in children [27] [28] [29] .
Because a large proportion of eczema cases occur in the first year of life, it is assumed that eczema may be triggered by environmental factors in the prenatal and perinatal periods in genetically predisposed babies. So far, most studies have focused on defining the factors triggering manifestation of eczema in the postnatal period; many of these studies were based on hospital data that considered only outdoor pollutants and postnatal exposure in older children. As only scarce evidence is available from birth cohort studies on potential hazards and preventive factors for infantile eczema operating in the prenatal period, the main goal of the present study was to assess the role of prenatal exposure to fine particulate air pollution and environmental tobacco smoke (ETS) in the occurrence of infant eczema jointly with the possible modulating effect of maternal fish consumption during pregnancy.
Materials and Methods

Study Population and Design
The design of this prospective cohort study and the detailed selection of the population have been described previously [30] . Briefly, this is part of an ongoing comparative longitudinal investigation of the health impact of prenatal exposure to outdoor/indoor air pollution on infants and children being conducted in New York City and Krakow. The study was approved by the Ethical Committee of the Jagiellonian University.
The study involved 505 women who gave birth between 29 and 43 weeks of gestation from January 2001 to February 2004, but the present analysis was restricted to the 469 women who gave birth to term babies ( 1 36 weeks of gestation). The women attending ambulatory prenatal clinics in the first and second trimesters of pregnancy were eligible for the study. The enrollment included only nonsmoking women aged 18-35 years with singleton pregnancies who were free from chronic diseases such as diabetes and hypertension. Upon enrollment, a detailed questionnaire was administered to each subject to solicit information on demographic data, house characteristics, date of the last menstrual period, medical and reproductive history, occupational hazards, alcohol consumption, nutritional habits and smoking practices of others present in the home. After delivery, every 3 months in the first year of the newborn's life, a detailed, standardized, face-to-face interview on the infant's health was administered to each mother by a trained interviewer. During the interview at each of the study periods 3, 6, 9 and 12 months after birth, a history of infantile eczema was recorded if the child experienced dry skin in combination with itchy rash and typical localization, which were confirmed by a physician. Gestational age at birth denotes the interval between the last day of the mother's last menstrual period and the date of birth, and exclusive breastfeeding defines the period during which the infants were given only breast milk, and no formula, cow's milk or solid foods had been introduced. Maternal atopy was defined as a reported medical diagnosis of eczema, asthma or hay fever. Data on the number of cigarettes smoked daily by all household members were used to assess ETS at home during the prenatal and postnatal periods. The identification of a home with mold problems was based on the responses to questions concerning visible patches of mold growth on the internal humid walls of the household.
Dosimetry of Prenatal Personal Exposure to Fine Particles
During the second trimester, a member of the air monitoring staff instructed each woman in the study how to use the personal environmental monitoring sampler, a lightweight, quiet device worn in a backpack. The woman was asked to wear the monitor during the daytime hours for 2 consecutive days and to place the monitor near the bed at night. During the morning of the second day, the air monitoring staff member and interviewer visited the woman's home to change the battery pack and administer the full questionnaire. They also checked whether the monitor had been running continuously without any technical or operating failures. A staff member returned to the woman's home on the morning of the third day to pick up the equipment.
The personal environmental monitoring sampler was designed to achieve the particle target size of ^ 2.5 m at a flow rate of 4.0 liters/min with an array of 10 impactor nozzles. Flow rates are calibrated (with filters in place) using a bubble meter prior to the monitoring and are checked again with the change of the battery pack on the second day and at the conclusion of the monitoring. Pumps operated continuously at 2 liters/min over the 48-hour period. To modify the sampler to achieve the 2.5-m size cutoff at 2 liters/min, 5 of the nozzles were blocked. Particles were collected on a Teflon membrane filter (37-mm Teflon; Gelman Sciences). The combination of low pressure drop (permitting use of a low-power sampling pump), low hygroscopicity (minimizing bound water interference in mass measurements) and low trace element background (improving analytical sensitivity) of these filters makes them highly appropriate for personal particle sampling.
To evaluate the correlation between the level of PM 2.5 measured over 48 h in the second trimester of pregnancy with those in the first and the third trimesters, a series of repeated measurements in each trimester was carried out in a subsample of 80 pregnant women who were recruited in the first trimester. The mean concentration of PM 2.5 . This provides some confidence that the measurements of total personal level of exposure to fine particles taken in the second trimester may be representative of other pregnancy periods.
Assessment of Maternal Fish Intake
Food frequency questionnaires (FFQs) were administered by trained interviewers twice during the gestation period (in the second and third trimester of pregnancy). In the course of the food interviews, detailed information on the eating frequency of smoked, fried, roasted and grilled fish servings was also collected. Maternal fish intake was categorized as follows: never; less than once per month; once per week; 1-2 times per week; 3-4 times per week, or every day. To estimate the total amount of fish eaten per week, it was assumed that each fish meal averaged 150 g.
Statistical Methods
In the statistical analysis of the data, logistic and Poisson multivariable regressions were used to analyze the relationship between infantile eczema and the main exposure variables, i.e. individual prenatal exposure to fine particles (dichotomized by the third quartile cutoff point, i.e. 53.0 g/m 3 ), prenatal and postnatal ETS, and maternal fish consumption (coded as tertiles of intake).
In the logistic regression model, the risk of infantile eczema due to environmental pollutants and maternal consumption of fish was adjusted for a set of potential confounders including maternal characteristics (age, education, atopy), duration of exclusive breastfeeding, presence of older siblings and damp/moldy house. In order to evaluate the relationship between the frequency of infantile eczema (measured by the number of time points at which symptoms were reported) and potential preventive and risk factors, Poisson multivariable regression was used with the same set of main exposure variables and confounders as above. In all statistical analyses, which were performed with the statistical software Stata (version 11), the significance level was assumed as p ! 0.05. Tables 1 and 2 show the characteristics of the mothers and infants grouped according to the presence of infantile eczema reported sometime in the four 3-month intervals over the follow-up period. They show that the characteristics of mothers and infants were similar across the groups, except for maternal fish consumption. The cumulative prevalence of eczema at 1 year of age was 39% [95% confidence interval (CI) 34.4-43.2%]; 25% presented with symptoms only in 1 study period, and 14% of children presented with symptoms in 2 or more periods. The highest prevalence of infantile eczema was observed in those who were exposed jointly to PM 2.5 and postnatal ETS, and the lowest prevalence was observed in infants of mothers with higher maternal fish intake ( table 3 ) .
Results
The analysis of personal air samples collected from pregnant women in the second pregnancy trimester showed a median concentration of prenatal PM 2. ), with one third of children being exposed to PM 2.5 above 53.0 g/m 3 . While 27% of infants were exposed to prenatal ETS, only 14.1% of them were reported to be exposed postnatally to ETS at home in the first year of life. There was a significant correlation between prenatal PM 2.5 concentrations and the reported number of cigarettes smoked daily by household members during the pregnancy period (Spearman correlation = 0.212, p ! 0.001). Mean concentrations of PM 2.5 were significantly higher among infants with reported prenatal ETS (53.9 vs. 40.3 g/m 3 ; p = 0.0002). On average, mothers of infants with diagnosed eczema consumed a significantly lower amount of fish during pregnancy, and there was a significant inverse trend of eczema prevalence with the tertiles of fish consumption (nonparametric trend: z = -2.16, p = 0.03). after adjusting for the set of potential confounders ( table 4 ). In the regression analysis, prenatal ETS was dropped from the model due to its collinearity with the PM 2.5 variable. While the separate effects of prenatal PM 2.5 and postnatal ETS were not statistically significant, their joint effect appeared to have a significant influence on the onset of infantile eczema (odds ratio 2.39, 95% CI 1.10-5.18). With maternal fish intake of more than 205 g/week, the risk of eczema decreased by 43% (odds ratio 0.57, 95% CI 0.35-0.93).
Poisson multivariable regression was used in the assessment of the incidence rate ratio (IRR) of the frequency of eczema recorded in the follow-up. As before, the association between the frequency of eczema symptoms and exposure variables was adjusted for the same set of confounding variables that were applied in the logistic multivariable analysis. The results of the Poisson regression model ( table 5 ) show that the IRR for the frequency of eczema symptoms was borderline increased in the group of children with joint higher prenatal PM 2.5 (above 53.0 g/m 3 ) and postnatal ETS (IRR 1.55, 95% CI 0.99-2.44) and in those whose mothers were atopic (IRR 1.35, 95% CI 1.04-1.75), but was lower in girls (IRR 0.78, 95% CI 0.61-1.00). The observed preventive effect of fish consumption on eczema symptoms was consistent with the results of the logistic analysis (IRR 0.72, 95% CI 0.52-0.99).
Discussion
In the present study, we found that joint higher prenatal exposure to fine particulate matter and postnatal ETS doubled the risk of eczema symptoms occurring at any point in the first year life. From the other perspective, our findings have shown that a higher maternal fish intake in pregnancy had a protective effect on the risk and frequency of infantile eczema. The adjusted preventive effect of fish consumed in pregnancy could only be demonstrated at the higher level of fish intake ( 1 205 g/week), which may suggest a threshold below which the preventive effect is irrelevant. To our knowledge, there have been no other studies that have considered the effects of prenatal exposure to fine particles and postnatal ETS on infantile eczema in the context of the preventive effect of maternal fish intake.
Fish intake during pregnancy may have potential benefits for healthy fetal development as it is a rich source of long-chain polyunsaturated fatty acids (PUFAs), including eicosapentaenoic and docosahexaenoic acids, which are necessary for the healthy development of fetal tissues. PUFAs are important constituents of cells, where they play a role in membrane protein function, maintenance of membrane fluidity and regulating gene expression and cellular function [31, 32] . In addition, there is evidence that PUFAs can modulate immune responses affecting the production of key inflammatory cytokines and the Th1 versus Th2 balance, thereby exerting beneficial effects in a variety of inflammatory diseases such as allergic diseases, asthma, atherosclerosis-related cardiovascular diseases or psoriasis. A number of molecular mechanisms have been postulated to explain how PUFAs could interfere with immune cell function [33] [34] [35] [36] [37] [38] [39] . Alternatively, fish intake may be a marker of some other maternal or infantile characteristics not considered in our study that are associated with the healthy development of babies (for instance quality of maternal care, other nutritional factors or housing).
The biological mechanisms whereby prenatal PM 2.5 might cause infantile eczema are still unclear. Ambient fine particulate matter contains a whole complex of toxic agents that could adversely affect fetal development. Typically, the PM 2.5 fraction contains constituents of soot including polycyclic aromatic hydrocarbons (PAHs), tobacco and wood smoke, traffic exhaust containing organic compounds, sulfates and metals [40] . Transplacental ex- posure to PAHs from maternal inhalation can produce cytotoxic reactive oxygen species that ultimately induce inflammatory and oxidant stress responses [41] , cause disruptions to the endocrine system and lead to disturbances of the pituitary-adrenocortico-placental system [42] . Formation of PAH adducts may induce the activation of apoptosis [43] or the binding to receptors of placental growth factors [44] , resulting in the decreased exchange of oxygen and nutrients and possibly enhancing the production of IgE antibodies and Th2 cytokines. It may be hypothesized that postnatal exposure of infants to environmental pollutants may strengthen the effect of the prenatal exposure to fine particulate matter, possibly by damaging the infantile skin barrier function and the postnatal development of new skin cells.
Some weakness in our study could have resulted from the possible maternal reporting bias of the medical diagnosis of skin disorders in the children under study; however, a differential bias in reporting a medical diagnosis of eczema between the exposed and nonexposed infants is not likely to occur since the children being compared did not differ in terms of maternal education and access to medical care. Our data on fish consumption were based on the FFQ method, which is useful for ranking individuals but does not necessarily permit confident assessments of absolute intake. The FFQ method can be subject to systematic errors in reporting, and therefore our results must be interpreted cautiously. Moreover, the portion sizes were not weighed but approximated, and information on the type of fish consumed by the study participants was not collected.
On the other hand, the major strength of our study is the fact that the study sample of infants belonged to a lowrisk group recruited from an urban community. However, the birth cohort differed from the broader population in several respects as the study excluded women with conditions that could have affected the health of the babies, such as active maternal cigarette smoking, multiple pregnancy or preexisting chronic diseases. One strength of our study is the careful prospective monitoring of eczema symptoms by regular interviews performed at 3-month intervals, as well as the accurate personal prenatal exposure assessments of fine particulate matter and ETS exposure in the perinatal period, which had not been taken into account in previous studies on infantile eczema. Our assessment of total personal individual exposure to fine particulate pollutants included all potential sources of exposure during pregnancy, both indoors and outdoors.
In conclusion, our findings indicate that high prenatal exposure to fine particulate matter combined with postnatal exposure to ETS may increase the risk of infantile eczema, while maternal fish intake in pregnancy may reduce the risk of infantile eczema. If replicated, the results of this study may have important preventive implications for the health of babies and older children as well.
